The corticoperiosteal flap from the medial femoral condyle has become the workhorse in the management of recalcitrant nonunions with vascularized periosteum. Inclusion of the outer condylar cortex has been advocated to avoid damaging the osteogenic capacity of the periosteum and is at present an ordinary technical step in the procedure.
A long the past decades, numerous experimental and clinical studies have demonstrated the osteogenic properties of periosteum, [1] [2] [3] [4] [5] but some publications, however, caution about the inconsistent results obtained with periosteal transfer in bone reconstruction. 6 -10 Sakai et al. 11 consider that this inconsistency is because of the injury of the cambium layer while separating the periosteum from the bone and, consequently, recommend the inclusion of small flakes of cortical bone in the transfer (if not the full thickness of the outer cortex). However, the revision of these publications might arouse doubts regarding Sakai et al.'s statement because they largely report the use of vascularized periosteal flaps without an adequate osteoconductive scaffold (bone graft).
To evaluate the clinical efficacy of periosteal-only transfers from the medial femoral condyle in the treatment of recalcitrant nonunions of the extremities, we have undertaken, after institutional review board approval, a clinical prospective case-control study with eight patients who underwent a vascularized periosteal-only transfer and have compared the results with a control (corticoperiosteal) group.
PATIENTS AND METHODS
After adequate informed consent and ethics committee approval, eight consecutive patients (study group) were enrolled in a prospective study that consisted of a vascularized periosteal-only transfer from the medial femoral condyle in the treatment of recurrent bone nonunion. The results were compared with a control group of 13 patients who underwent a corticoperiosteal flap from the medial femoral condyle for the same reason. The control sample was selected (to fulfill the inclusion criteria detailed below) from a series of patients published by the same authors in a previous article. 12 All the patients in the study and control groups shared the same inclusion criteria except for the type of periosteal transfer: recalcitrant nonunions of the extremities, flaps raised by the same surgeon (J.M.R.-V.), healthy patients with ages between 25 years and 55 years, and workers with physically demanding jobs at the time of injury (Table 1 ). All the patients had previous failed reconstructive attempts with internal fixation and conventional bone grafting. Detailed patient data are shown in Table 2 . The periosteal group included three ulna, one tibia, two phalanges, one humerus, and one clavicle. The control (corticoperiosteal) group in-cluded four tibias, four ulna, three phalanges, one metacarpal, and one radius.
Surgical Technique
The corticoperiosteal flaps ( Fig. 1) were raised in 13 patients after Sakai et al.'s description under tourniquet ischemia without exsanguination. The descending genicular vessels were dominant in all the cases and used for microvascular transfer. The cortical bone was taken from the epiphyseal-metaphyseal aspect of the condyle and included in the flap. When a large flap was required (all except for the 3 phalanges and 1 metacarpal), a diaphyseal periosteal extension was included in the flap (Fig. 2) . In none of the flaps was the diaphyseal cortical bone elevated.
Periosteal flaps (Figs. 3 and 4) were raised in eight patients under tourniquet ischemia without exsanguination. The periosteum over the condyle and distal diaphysis was raised with the sharp end of a Howarth periosteal elevator. A "rasping against the bone" maneuver minimized the damage to the periosteal cambium layer. We found the osteoarticular branches of the descending genicular vessels to be present in all the dissections and divide distally into two periosteal branches that embraced the condyle in an "inverted P" pattern ( Fig. 5) . Our findings closely correlate with the recent publication by Yamamoto et al. 13 The descending genicular vessels were always dominant and were used for microvascular transfer in all the cases. The rest of the procedure followed Sakai et al.'s description. A difference worth mentioning in terms of periosteal quality could be seen in all the cases between the condyle and the diaphysis. The condylar periosteum was always thick, very adhered to the underlying bone, and left a multiple punctate bleeding cortex after extraction. On the contrary, the diaphyseal periosteum was always thin, loose, and left no relevant bleeding cortex after elevation (Fig. 6) . Different parameters were recorded intraoperatively in every patient in both groups: periosteal pattern of blood supply, type of periosteal transfer, size of bone gap after debridement, type of fixation, and type of bone graft. J.M.R.-V. interviewed and examined the patients and obtained radiographs on a 1-month basis until union. Two separate independent evaluators (1 radiologist and 1 orthopedic surgeon) searched for early but unequivocal signs of bone healing on plain radiography.
Statistical Analysis
Statistical analysis of all variables was conducted with SPSS for Mac version 19. Normality of data was analyzed with the Kolmogorov-Smirnov test. A Student's t test was used to analyze normal variables. For non-normal variables, Mann-Whitney U test was performed. A p value less than 0.05 was considered statistically significant.
RESULTS
The study was conducted in small groups with unequal sample size (13 in the control group and 8 in the study group). At baseline, subjects in both samples were comparable in all 
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the key demographic characteristics (age, sex, and type of work). Baseline clinical characteristics were also comparable between the groups (type of injury, operative surgeon and institution, type of nonunion, and previous procedures). The median length of bone gap after debridement was also similar between the groups (3.4 and 3.3 cm in the study and control groups; p ϭ 0,935). With small variability, the type of fixation and affected bone were equally very similar. A difference could be seen related to the type of associated bone graft, with more structural than nonstructural grafts in the periosteal group.
All the patients in the study group and control groups had a successful outcome with 100% bone union. The results of the evaluation of early radiographic signs of union were similar irrespective of the evaluator or group (p ϭ 1,000; Table 3 ).
The patient data obtained permit a further analysis and compare the outcome between structural versus nonstructural associated bone grafts (Table 4) . A total of 10 structural grafts (all from the iliac crest) and 8 nonstructural grafts were used in our series. The median gap size was larger in the structural (4.1 cm) than in the nonstructural group (2.4 cm; p ϭ 0.012). The type of fixation between the groups was not different with plates and screws being the most common. The results of the evaluation of early radiographic signs of union were rather similar for the radiologist and orthopedic surgeon with no statistical difference between the study and control group (p ϭ 0.931).
DISCUSSION
The corticoperiosteal flap from the medial femoral condyle has become the workhorse in the management of recalcitrant nonunions with vascularized periosteum. In the introduction of their article, Sakai et al. consider that the inconsistent osteogenesis of periosteal flaps is related to the injury of the periosteal cambium layer and therefore advocate the inclusion of a thin portion of cortex, or even its whole thickness, in the flap. Numerous experimental reports have studied the osteogenic capacity of periosteum with unenthusiastic results, 7-10 but this probably reflects the fact that vascularized periosteum, for adequate bone regeneration, needs the appropriate scaffold for seeding cells and for the subsequent growth of tissues. 14, 15 In 1990, Romana and Masquelet 16 concluded, in a study in rats, that the association of a vascularized periosteal flap and cancellous bone is a better means to produce compact bone than a vascularized periosteal flap alone or an isolated cancellous bone graft. Differences in osteogenic properties have been found among different periosteums. 17 Our dissections have always revealed a substantial macroscopic difference between the condylar and diaphyseal periosteum. The condylar periosteum is thicker, stiffer, and apparently far better vascularized than the diaphyseal periosteum and this might involve greater osteogenic properties. It is not unwise to think that the osteogenic ability of the periosteum is not regular in the human anatomy and this might well be an example. . The condylar periosteum was always thick, very adhered to the underlying bone, and left a multiple punctate bleeding cortex after extraction. On the contrary, the diaphyseal periosteum was always thin, loose, and left no relevant bleeding cortex after elevation.
The addition of the outer genicular cortex to the periosteal transfer has several drawbacks when compared with the periosteal counterpart. The cortical stiffness can, in certain defects and locations, add considerable difficulty in flap inset. In addition, it can hinder a close contact between the vascularized periosteum and the nonvascularized bone graft, something that is germane in graft revascularization and osteogenesis. Finally, although the removal of the outer cortex of the medial femoral condyle has not been associated with subchondral insufficiency or collapse of the femoral condyle, more studies are needed to evaluate the long-term morbidity associated if any. In our short series, the results between the periosteal and corticoperiosteal transfers were similar in rates of bone union and time for bone healing. The study group was small in number but included large defects of ulna, humerus, and clavicle (3.5, 4.5, and 5 cm, respectively). These recalcitrant nonunions would not have probably healed without a substantial osteogenic activity in the transferred periosteum. Thus, although with no statistical reliability of the study because of the small sample size, it seems credible to think that the periosteal flap from the medial femoral condyle might have similar osteogenic capabilities as its corticoperiosteal counterpart when a bone graft is associated.
The structural corticocancellous grafts are believed to help maintain the surgical correction, but the improved fixation techniques and the development of plates designed specifically for the different bones make the need for a structural bone graft questionable. Ring et al. 18 compare structural and nonstructural bone graft in osteotomies of the distal radius with no statistical difference between the two groups and conclude that use of cancellous graft seems safe and efficacious. We prefer to use structural grafts whenever possible, particularly in large bone gaps, and this accounts for the difference in mean size of bone gap between the structural and nonstructural groups. However, our results, like the series by Ring et al., found no statistical difference between the two in terms of union rate or time for bone healing. This might confirm that both structural and nonstructural grafts are safe and that a successful outcome is probably more dependent on 
CONCLUSIONS
A prospective case-control study was undertaken to evaluate the efficacy of periosteal-only microvascular transfer from the medial femoral condyle in the treatment of recalcitrant nonunions. With no statistical significance because of the small sample size, our results might support the belief that periosteal and corticoperiosteal vascularized flaps are both effective when associated with bone grafts. A further analysis of the results might suggest that structural and nonstructural bone grafts are both effective in a well-vascularized milieu under a stable fixation. 
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